Individuals with temporomandibular disorders (TMD) are expected to have decreased maximum bite forces (MBF). This way, this study compared the MBF in subjects with TMD to a control group and also evaluated its association with age, gender, height and weight. Forty healthy adults with complete natural dentition divided into four groups according to gender and presence or absence of TMD signs/symptoms (based on the Research Diagnostic Criteria -RDC) underwent a MBF test with a gnathodynamometer in molar and incisal areas. Statistical analysis was performed by ANOVA and Student-Newman-Keuls test (p=0.05), and the relationship between age, gender, weight, height and MBF was verified by Pearson's correlation test. There were no differences in MBF results between TMD and control groups (p>0.05). Female subjects exhibited lower MBF than male and MBF for the anterior area was lower than that for posterior area (p<0.05). Significant correlation was found between MBF and weight in TMD subjects (p<0.05), except for the anterior area in female subjects. There was a positive correlation between MBF and height in TMD male subjects (p<0.05). Within the limitations of this study, it is possible to conclude that bite force was not affected by TMD. Correlation between MBF and weight in TMD subjects and between MBF and height in TMD male subjects was observed.
INTRODUCTION
The term "temporomandibular disorders" (TMD) refers to symptoms and signs associated with pain and functional and structural disturbances of the masticatory system, especially the temporomandibular joints (TMJ) and the masticatory muscles (1) . The bite force has an influence on muscle efficiency and development of the masticatory function (2) . It tends to increase with the need to chew (3), with body weight and body height but decreases with changes in dentition and also in the presence of pain (1, 4) . Based on these statements, individuals with TMD are expected to have decreased maximum bite forces. However, there is no consensus in the literature whether individuals with a diseased TMJ have decreased or increased maximum bite forces in relation to healthy subjects (5, 6) .
Moreover, clinicians have presented a rising interest in bite force with regard to its potential influence on the development of the masticatory system, in order to predict eventual functional limitation as a consequence of TMD. Therefore, it is of great importance to elucidate whether there is an influence of TMD in subjects' bite force, as well to examine the gender differences, and its relationship with physical characteristics, such as age, height and weight (2) .
The purpose of this study was to measure MBF values in molar and incisor regions between subjects with and without signs and symptoms of TMD and to study the possible association between gender, height, weight and maximal bite force. An additional aim was to investigate whether there was any difference in maximal bite force after performing a masticatory test.
MATERIAL AND METHODS

Participants' Sellection
One hundred and sixty adults with complete natural dentition were recruited and examined from faculty members and students of the School of Dentistry of Bauru, University of São Paulo, Brazil. The inclusion criteria were based on the Research Diagnostic Criteria (7) and the TMD group was selected according to the following criteria, without distinction within RDC diagnosis as follows: (i) good general health, (ii) TMD with pain (VAS -visual analogical scale -higher than 50 mm). Forty volunteers were selected (mean age 25.42 ± 5.38) and assigned to 4 groups: Group 1: 14 female with no TMD signs/symptoms (control); Group 2: 7 male with no TMD signs/symptoms (control); Group 3: 11 female with TMD signs/symptoms; Group 4: 8 male with TMD signs/symptoms. All the participants signed informed consent forms after the nature of the procedures and the possible discomforts and risks had been fully explained. The local Ethics Committee approved the protocol.
Maximal Bite Force
In this study, MBF was measured using a gnathodynamometer (Kratos Industrial Equipment Ltd., SP, Brazil). The MBF was obtained placing the gnathodynamometer transducer plates between the central incisors for the anterior MBF evaluation and between first molars unilaterally (chosen as the preferred side of mastication related by the volunteer) to determine posterior MBF. Each subject was standing with a relaxed head posture, keeping Frankfort horizontal plane approximately parallel to the floor. The transducer was also maintained parallel to Frankfort horizontal plane. One blind examiner (who did not know whether or not the subject had TMD) carried out the test.
Data were collected in a single session and each subject clenched three times before and after a masticatory test: central incisors and first molars, resting 5 to 10 s between each bite. The masticatory test was carried out to verify whether the TMD or control subjects were harmed by the masticatory activity (e.g. decreased MBF) and to confirm that only patients presenting TMD with pain were selected. Subjects were first asked to clench on the plates, as hard as possible. Then, they were asked to chew on 10 carrot samples (one by one) normally (1.0 x 1.0 cm; 20ºC) and afterwards, the volunteers were asked to swallow the bolus at the point when swallowing would have normally been triggered. They were asked to clench again on the plates as hard as possible. The interocclusal separation provided by the gnathodynamometer thickness was 14 mm when the test was carried out.
Statistical Analysis
Statistical analysis of differences in MBF means before and after mastication test in anterior and posterior areas inter and intra-groups was performed with ANOVA and Student-Newman-Keuls pos-hoc test, and the association between MBF and age, weight and height was verified with Pearson's correlation test. The significance level was set at 5%.
RESULTS AND DISCUSSION
There were no differences in MBF results between TMD and control groups, either before or after masticatory test (p>0.05) (Fig. 1) , confirming that there was no decrease in muscle force after chewing hard samples (carrot). As the masticatory test was carried out to verify if the TMD subjects were harmed by this activity, the possible reason might be the fact that TMD may cause pain but not necessarily causes diminished function. It means that, even with pain, subjects still did efforts to chew the hard sample as usual; however hard food seems to be avoided by majority of the patients. In fact, the referred test may not have been enough to lead to a hyperactivation (e.g. evoking adaptive motor reactions and inhibition during forceful biting), and consequently, the pain caused by the test was mild to cause a decrease in bite force or fatigue in the muscles.
Female subjects exhibited lower MBF than male and MBF for anterior area was lower than posterior area (p<0.05). Significant correlation was found between MBF and weight in TMD subjects (p<0.05), except for anterior area in female subjects (Fig. 1 ). There was a positive correlation between MBF and height in TMD male subjects (p<0.05).
This study was designed to eliminate confusing variables, fixing the participants' age, weight and height range. Pain appears to be relatively common, occurring in approximately 10% of the population over age 18 and primarily a condition of young and middle-aged adults (8) (11.87% from the overall 160 subjects in our study). As Tortopidis et al. (9) reported a difference in values measured in different sessions, data were collected in a single session. According to Manns et al. (10) , maximal clenching force is greatest at an increased vertical dimension of occlusion of 10-20 mm. The interocclusal separation was approximately 14 mm when the test was carried out in the posterior or anterior area.
Individuals with various forms of TMD have been reported to have either a decrease (9, 11, 12) or increase (13) in bite force although this was not found in the present study, where no difference in TMD subjects was found. The association between the presence of TMD and reduced MBF is contradictory in the literature and may be dependent on the severity of the TMD in the given sample (14) (15) (16) (17) . Our results agree with those of previous studies (2, 18, 19) , where no association between TMD and bite force was observed, and neither subjective symptoms nor clinical signs of TMD correlated significantly with MBF values (14) .
Moreover, a correlation between weight and height in male and weight in female TMD subjects occurred (Fig. 1) . In a previous study (14) , mean MBF values of TMD subjects in molar and incisal regions were reported as significantly higher for male than for female, suggesting that a separate evaluation of the genders would be advisable in future studies involving bite force assessments, which corroborates the results of the present study. Furthermore, bite force was significantly stronger in healthy male than in female (18) . The present study also found stronger bite force for males than for females, both in healthy and TMD subjects, echoing the findings from previous studies.
Regarding gender, studies have reported MBF means to be positively correlated in TMD subjects, although the correlation coefficients for age, weight, and height were found to be low (2) . The present study, however, found significant correlation in TMD subjects for weight in female and weight and height in male subjects and no correlation for age. Bite force may be significantly associated with gender and age independently of a low bite force, and male subjects should exhibit higher MBF (18) . No significant associations between MBF and body mass were found (15), demonstrating that signs and symptoms of TMD, unlike body mass, are independently associated with MBF.
Bite force is reported to decrease with increasing age after 25 years in female and after 45 years in male (20) . It also was reported that the direct effect of age on bite force was statistically significant but relatively small between 37 and 80 years (16) . In the present study, Figure 1 . Means, standard deviations for MBF and correlation results with weight, height and age in subjects, considering experimental groups, and mouth region. TMD = temporomandibular disorders.
there was no significant correlation between age and MBF, probably because of the subjects' low age range.
Within the limitations of the present study, it is possible to conclude that the comparison between MBF of TMD and control subjects showed no differences. Moreover, a correlation was found between MBF and weight in both female and male TMD subjects, and between MBF and height in TMD male subjects. These results should be carefully considered because of the difficulties to achieve a number of patients who fulfilled the inclusion criteria. To reach more consistent results, a larger number of patients must be submitted to this evaluation and other aspects, such as masticatory function should be considered.
RESUMO
Espera-se que indivíduos com desordens temporomandibulares (DTM) tenham diminuição da força máxima de mordida (FMM). Desta forma, este estudo teve como objetivo comparar a FMM em indivíduos com DTM com um grupo controle e também avaliar esta associação com idade, gênero, peso e altura. Quarenta adultos saudáveis com dentição permanente completa foram divididos em 4 grupos de acordo com o gênero, presença ou ausência de sinais/sintomas de DTM (baseado no Research Diagnostic Criteria -RDC) e submetidos a um teste de FMM com um gnatodinamômetro na área de incisivos e molares. A análise estatística foi realizada por meio de análise de variância e StudentNewman-Keuls (p=0,05), e a relação entre idade, gênero, peso, altura e MBF foi verificada pelo teste de correlação de Pearson. Não houve diferença nos resultados de FMM entre os grupos controle e DTM (p>0,05). As mulheres demonstraram menor FMM que os homens e menor FMM para as áreas anteriores do que para as áreas posteriores (p>0,05). Uma correlação significativa foi encontrada entre peso e FMM em indivíduos com DTM (p<0,05), exceto para a área anterior em mulheres. Foi observada uma correlação positiva entre FMM e altura em homens com DTM (p<0,05). Dentro das limitações deste estudo, é possível concluir que a força de mordida não foi afetada pela DTM. Uma correlação entre FMM e peso em indivíduos com DTM e entre FMM e altura em homens foi evidenciada.
